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1. IXTRODUCTION 

Cons ide rab le  improvement i n  c e l l  performance h a s  been accomplished 

d u r i n g  Oc tobe r .  T h i s  h a s  been  due ,  i n  p a r t ,  t o  a n  improved c a t a l y s t  f o r  

h:;drogen e l e c t r o d e s  b u t  t h e  improvement h a s  a l s o  r e s u l t e d  from a n  uildcr- 

s tandin:  of  ot!ier parainetcrs  a f f c c t i n y  c e l l  p c r f o w a n c e .  Somewhat more 

work w a s  dotie d i n - i u g  t?ic Font11 on hydrogcn-oxygen c e  11s t h a n  on liydrogen- 

s i i v t r  ox ide  cciis, ; t i t  s i u d l e s  ~ o k - t L ~ r ~ : i i ~ g  t?ic hiy2rz;;c:: r ? c c t r ~ d e  s r e  

a p p l i c a b l e  t o  b o t h .  

An a t t e m p t  t o  c o r r c l a t c ,  pc r fo rnance  c i i n r a c t e r i s t j c s  of  si l v e r  ox ide  

e l e c t r o d e s  w i t h  r e s i s t i v i t y  f o r  severa l  doped s i l v e r  o x i d e s  i s  now tinder 

way. I n  two c a s e s  t h e  doping process  h a s  s i g n i f i c a n t l y  reduced t h e  o x i d e  

r c s i s t i v i t y ,  b u t  i n i t i a l  r c s a l t s  oi L!ic e l e c t r o d e  t e s t i n g  have n o t  

d c 1 i n i t c l y  shown a c o r r e l a t i o n  bctwecn r c s i s t i v i t y  and  e l e c t r o d e  p e r f o r -  

mance. T?ic s i l v e r  oxide e l e c t r o d e s  a r e  much b e t t e r  t h a n  a l l  p r e v i o u s  

ones b o t h  from t h e  s t n x d p o i n t  of p o l a r j : - a t i o n  and c h a r g i n g  ca ;>ac i ty ,  b u t  

it now a p p e a r s  l i k e l y  t h a t  tIic iniprovenerit i s  d u e  t o  surne o t h e r  f a c t o r .  
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2 .  HYDROGEN ELECTRODES 

S e v e r a l  f a c t o r s  i n f l u e n c i n g  performance o f  hydrogen e l e c t r o d e s  were 

s t u d i e d  d u r i n g  t h e  1:ionth. S t u d i e s  which were e i t h e r  completed o r  

p a r t i a l l y  c o n p l e t c d  a r e  ou ' t l ined b c l o ~ ~ .  

2 . 1  P r e s s u r c  Dr-pcnclcnrc 

T h e  ran:q? o f  p r c s s u r c s  s t u d i e d  was f r m  59 t o  95 p s i g .  In t h i s  

rc???on 0- t '?e p c r f c r ? s n c e  of ti" hydroezr .  c?cctrG:?c i s  in,!cpcndcnc sf gas 

p r c s s u r c .  

2 . 2  E f f e c t  oi h'ixed C a t a l y s t s  

It  h a s  bcen d i scove red  t h a t  mixed p l a t inum-pa l l ad ium c a t a l y s t s  

are  s u p e r i o r  t o  e i t h e r  c a t a l y s t  a l o n e .  P o l a r i z a t i o n  s t u d i e s  on t h e  

iiydrogen e l e c t r o d e  have shown t h a t  50 p e r c e n t  (by wtji;:ht) of  Flatinurn 

n-d 5 9 p c r c c n t  p'iiladium i s  t h e  optimum r a t i o .  The p l a t i n g  i s  accom- 

p l i s h e d  by t h e  rwthod  described i n  t h e  p r e v i o u s  r e p o r t ,  b u t  t h e  p l a t i n g  

s o l u t i o n  i s  a m i x t u r e  o f  11,Pt C1 and PdCl . 
6 2 

L *  2 . 3  E f f e c t  oT Excess  La 

In o r d e r  to remove ca rbona te  i o n  Iron tile e l c c t r o l y t e ,  Ca(OH)2 

i s  added, which p r e c i p i t a t e s  car1)onate a s  BaCO Th i s  i s  a l lowed  t o  

s e t t l e  and t h e  s o l u t i o n  i s  used f r o m  t h e  t o p .  I n  o r d e r  t o  a s c e r t a i n  t h e  
3' 

-I-+ 
e f f e c t  o f  a n  e x c e s s  o f  Ga , expe r imen t s  were des igned  i n  w h i c h * v a r i o u s  

known c o n c e n t r a t i o n s  o f  Ba* were p r e s e n t  i n  t h e  e l e c t r o l y t e .  

e x p e r i m e n t s  have n o t  been completed b u t  i t  i s  a p p a r e n t  a l r e a d y  t h a t  

excess Ba*, a t  least  f o r  tlic d i s c h a r g e  p r o c e s s ,  does  n o t  a f f e c t  tlie 

perforiiiance of t h e  i iydrogen e l e c t r o d e .  

These 

- 
2 .4  E f f e c t  oT Excess CO3- 

~ - 

S i m i l a r  expe r imen t s  a r e  i n  p r o g r e s s  t o  t e s t  the  e f f e c t  o f  carbon- 

a t e  i o n ,  which i s  p r e s e n t  i n  the u n t r e a t e d  e l e c t r o l y t e .  I t  has been 

3 3 LO-PIL- 3 2 



- 
found f o r  the d i s c h a r g e  p rocess  that  CO- 3 
on the hydrogen e l e c t r o d e  pc\ l a r i z a t i o n .  

has a dec ided  a d v e r s e  e f f e c t  
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3. SILVER OXIDE ELECTRODES 

Ten d i f f e r c n t  doped s i l v e r  o x i d e s  wcrc p repa red  by t h e  c o p r e c i p i t a t i o n  

ne thod  a s  d e s c r i b e d  i n  t h e  p reced ing  r e p o r t .  Doubly-charged p o s i t i v e  

i ons  o f  i r o n ,  c o b a l t ,  n i c k e l ,  z i n c ,  cadn iun ,  mercury,  manganese, coppc r ,  

l e a d ,  and pa l l ad ium r e p l a c e d  the s ing ly -cha rged  s i l v e r  i o n  t o  t h e  e x t e n t  

o f  9.5 p e r c e n t  on an a t o n i c  : )as is .  R e s i s t i v i t y  r i ea su rcncn t s  were ;;lade 

on car!! ar?d c c ~ . p r e d  

I n  o n l y  two c a s e s  was a decided d e c r e a s e  i n  r c s i s t i v i t y  no ted .  Tl ie  

r c s i s t i v i t y  of  t h e  manganese doped o x i d e  was lower by a f a c t o r  o i  t e n  

a s  compared t o  t h e  pu re  s i l v e r  o x i d e ,  and t h e  c o b a l t  doped material  was 

lowcr by a l m o s t  a f a c t o r  o f  100, Xowcver, i t  h a s  no t  y e t  been e s t a b l i s h e d  

whcat!ier o r  n o t  t h i s  lowered r e s i s t i v i t y  i s  c o n t r i b u t i n g  t o  b c t t c r  

p o l a r i z a t i o n  c h a r a c t e r i s t i c s  or g r e a t e r  c h a r g i n g  capacit57. Xuch b e t t e r  

r e s u l t s  fro:i b o t h  s t a n d p o i n t s  h3ve been ach ieved  r e c e n t l y ,  b u t  t h e r e  

appeal-s t o  be  no d i f f e r e n c e  bc twcen t h e  doped and undopcd e l e c t r o d e s .  

The inprovcd p c r f o i ~ ~ a ~ i c c  of  t!ic s i l v e r  e l e c t r o d e s  vadc r e c e n t l y  i s  d u t  

p o s s i b l y  t o  o t h e r  f a c t o r s .  For exaciple, tlie s i lver  o s i d e  p a s t e  was 

o r i g i n a l l y  washed we11 w i t h  waLcr an3  p a r t i a l l y  d r i e d  on a Buchner 

f u n n e l .  R c c c n t l y  t h i s  procedure h a s  been  fol lowed w i t h  a wash w i t h  t h e  

KOH e l e c t r o l y t e  i n  o r d e r  t o  p reven t  pII g r a d i e n t s  from b e i n g  se t  up 

w i t h i n  t;ie c l e c t r o d c .  

cf p u r c  Ag20, p r c p a r c d  In d s i i i i i l a r  ; lanner.  

SOCIC. work iias a l s o  been done conce rn ing  t h e  p r e s s u r e  dependencc o f  

t h e  h y d r o g e n - s i l v e r  ox ide  c s l l s .  I t  has  been  found t!iat abou t  50 p c r c c n t  

r o r c  c l e c t i - o l y t p  i-lsst bc  used  i n  one o f  t h e s e  c e l l s  t h a n  i n  a c o r r e s -  

ponding hydrogen-oxygen c c l l .  I f  tiic same amount of  e l e c t r o l y t e  i s  

u s e d  f o r  t h e  h y d r o g e n - s i l v e r  oxide c c l l  a s  has been  found t o  be  optimum 

f o r  a hydrogen-oxygen c e l l ,  then tlie hydrogen e l c c t r o d e  p o l a r i z a t i o n  i s  

v e r y  p r e s s u r c  dependent  and becomes p r o g r e s s i v e l y  worse as  t h e  p r c s s u r e  
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bccones h i g h e r .  It seems p robab lc  tiiat t h e  e l e c t r o l y t e  i s  b e i n g  fo rced  

i r? to  open ings  i n  and around the  s i l v e r  o x i d c  e l e c t r o d e ,  t h e  :nore so t h e  

h i g h e r  t h e  p r e s s u r e .  I f  50 p e r c e n t  n o r e  e l e c t r o l y t c  is  u s e d ,  t h e n  

hydrogen  e l e c t r o d e  per€ormance i s  a s  good as  i n  t h e  hydrogen-oxygen cell 

and i n  t!ie range of 50 t o  95 p s i g  t h e r e  i s  no l o n g e r  a p r e s s u r e  depen- 

dcnce .  Xore e l e c t r o l y t e  than tilis, however, f l o o d s  t h e  hydrogen e l e c t r o d e  

a t  a l l  pressGres,  no m a t t e r  i ioxg  h i g h .  
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4 .  OXYGEN ELECTRODES 

Very l i t t l e  work h a s  been done on cxygen e l e c t r o d e s  p e r  s e .  IIowever, 

s e v e r a l  f a c t o r s  airfectin::  oxy,en c l c c t r o d e  pcrformance have been  

s t u d i e d .  T h c  r e s u l t s  a r e  desc r ibed  5elow. 

4 . 1  Prcssui-e  I?~pc:idc ,>ce 

I n  c o n t r a s t  t o  hydrogen e l e c t r o d e s ,  ox-yyen e l e c t r o d e s  a t  room 
t~Tnnn~.7 t , ,vn  nr,, m.,:i-- -,,.--<+-:..- + ^  
L L L . s y L  U L L  \ l L * L L C -  2% L a A L A v L  Lu ~ J L L ' ~ > U L ~  i L i  tlie pressurth r a t ~ ; ; ~  s i u d i r d .  

The  e l e c t r o d e s  perform b e t t e r  v i t h  i n c r e a s i n g  p r e s s u r e .  I n  a d d i t i o n  t o  

t h e  e f f e c t  o f  t o t a l  p r e s s u r e ,  it !>as a l s o  been  found t!ut oxygen e l e c -  

t r o d e s  a r e  more s c u s i t i v e  to floodin: t h a n  are !iydrogen e l e c t r o d e s .  I f  

t h c  gas  p r e s s u r e  a t  e i t l w r  s i d e  i s  i n c r e a s e d  o v e r  t h a t  a t  t h e  o t h e r ,  t h e n  

t h e  e l e c t r o d e  a t  t h e  l o w  p r e s s u r e  s i d e  b e g i n s  t o  s:iow sc-vcre  coilcell- 

t r a t i o n  p o l a r i < : a t i o n .  T:ie hydrogen e l e c t r o d e  can  t o l e r a t c  a d i f f e r e n t i a l  

o f  1 t o  2 p s i  wiiilc tlic ox)...cn e l e c t r o d e  cannot.. In f a c t ,  t h e  oxygen 

e l e c t r o d e  o f t e n  works b c s t  ii the oxygen p r e s s u r e  i s  a b o u t  1 p s i  h i g h e r  

t h a n  tile iiydrozcn presstire.  T::cse r e s u l t s  a r e  presumably due t o  f l o o d i n g  

and t h e  d i f f e r e n c e  i n  S e h a v i c r  of the two e l e c t r o d e s  l i k e l y  r e f l e c t s  

tiic l o m r  d i f f u s i o n  ra te  tiirough t h e  e l e c t r o l y t e  f i l m  f o r  oxygcn. 
ft 

'k.2 E f f e c t  o f  Excess  Ba 

On d i s c h a r g e ,  t h c  p re sence  o f  e x c e s s  Ba* has a pronounced,  

a d v e r s e  e i f e c t  on t!ie performance o f  t h e  oxygen e l e c t r o d e .  T h i s  i s  

i n  s h a r p  c o n t r a s t  t o  the e f f e c t  on t h e  hydrogen e l e c t r o d e .  

f i . 3  E f f e c t  o f  Excess  CO= 3 - 
Again 011 d i s c h a r g e  t h e  e f i c c t  o f  excess CO- i s  n o t  t h e  sane f o r  3 

t h e  oxygen e l e c t r o d e  a s  f o r  the  hydrogen e l e c t r o d e .  Tl ie  p rc scnce  oi 

c a r b o n a t e  has t!ius f a r  bceu shown t o  !lave no e f f e c t  on oxygen e l e c t r o d e  

p o l a r i z a t i o n .  The c l f e c t s  desc r ibed  i n  S e c t i o n s  2 . 3 ,  2 . h ,  4 .2 ,  and t:iis 

s e c t i o n  c a n  be unders tood  i n  terris  o f  t h e  p re sence  o i  a f o r e i p  caLion 
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o r  ;1 f o r e i g n  a n i o n ,  A t  l e a s t  f o r  t h e  d i s c h a r g e  p r o c e s s ,  the p r c s e n c e  

of  tlic f o r e i g n  c a r i o n  (Ra ) advcrst7ljT a f f e c t s  t h e  ca thode  o n l y ,  while 
ft 

t h e  p re sence  o f  a f o r e i g n  anioi1 (Cn;) a d v e r s e l y  a f f e c t s  o n l y  t!ie anode. 

The  importance o f  a v e r y  p u r e  KOH c l c c t r o l y t x  i s  a p p a r e n t .  
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5 .  FUTURE PTA:iS 

During Xcvember, t h e  e l e c t r o d r  s t u d i e s  w i l l  be completed.  F o r  t h e  

hydrogen e l e c t r o d e  t h e  fo l lowing  p a r a m e t e r s  w i l l  be s t u d i e d :  

Tempe r3 t u r c  depend e nc e 

KOII co11ceuirat i o n  dependence 

HydroZen sCoragc i n  palladiur.? 

The f o l l o w i n g  s t u d i e s  will be made f o r  t h e  s i l v e r  o x i d e  e l e c t r o d e :  

T c n p e r a t u r e  dependence 

KO11 c o n c e n t r a t i o n  drpcndence 

Rad ioac t  ivc  e l e c t r o d e s  

T h e  f o l l o w i n g  s t u d i e s  w F 1 1  be  made f o r  t h e  oxygen e l e c t r o d e :  

Temperature dependence 

!:OH conc en t r a t i o n  d e  p e nde nce 

Rad i o 3  c t i v c  e l e  c t r o d c s 

Phase I1 o€ t h e  p r e s e n t  c o n t r a c t ,  "Sinl";le Cc L 1  Eevelopnent" , w i l l  

b e g i n  d u r i n g  tJovembcr. 

c a r r i e d  o u t  a p p r o s i n a t c l y  a s  i n d i c a t e d  i n  F i g .  1. 

It i s  a n t i c i p a t e d  t!iat t!iis p!iase w i l l  b e  
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